Although environmental factors strongly affect the distribution of macrofungi, few studies have so far addressed this issue. Therefore, to further our understanding of how macrofungi respond to changes in the environment, we investigated the diversityand community composition of fungi based on the presence of fruiting bodies in different environments along an elevation gradient in a subalpine Pine forest at Yulong Snow Mountain in southwest China. Two-hundred and twenty-eight specimens of macrofungi from twelve plots were identified using macro-morphological characteristics. We found that soil temperature had a significantly positive influence on total macrofungal and ectomycorrhizal species richness and diversity, while elevation gradients had a significantly negative influence. Furthermore, total macrofungal and ectomycorrhizal species community composition were significantly influenced by soil temperature and elevation gradients. No significant relationships were found between environment variables and the diversity and community composition of saprotrophic fungi in subalpine pine forest.
Materials & methods

Study site
The study area is located on the slopes of Yulong Snow Mountain, which is located in Lijiang County, southwest China, and which reaches 5,596 m above sea level (m.a.s.l.) at its highest point (Chang et al. 2014) . The climate in this region experiences a summer monsoon wet season, lasting from May to October, and is dominated by the Qinghai-Tibetan Plateau circulation and westerly winds in the dry season, which lasts from November to April (Du et al. 2013) . Mean annual temperature is around 10.3 °C, while the mean annual precipitation is 786.5 mm. The vegetation type for the study area is classified as subalpine coniferous forestand is dominated by coniferous species such as Pinus armandii and Pinus yunnanensis (Table 1) , and some broad leaf trees such as Quercus senescens and Rhododendron decorum. The coniferous forest covering the study sites is about 45 years old, with a low level of disturbance.
The study sites were established in the Lijiang subalpine Botanical Garden (27°00′ N, 100°11′ E; 2830 m.a.s.l.) at four elevation points, ranging from 2,700 to 3,400 m.a.s.l. and consisting of 12 plots, three replicate plots at least 50 m apart were established at each elevation (Table 1) . The sites were located in a continuous band of mixed Pinus forest. The main plants were identified by Yahuang Luo of the Kunming Institute of Botany, China. Replicate plots were established for each elevation point along the gradient. Soil temperature and humidity (10 cm depth) were recorded using HOBO Tidbit RG3-Mduration of the season (Luo et al. 2016) . Air temperature and humidity were recorded in the plots duration of the rainy season, using a Vaisala MAWS 300. Canopy cover was estimated according to the method described by Sysouphanthong et al. (2010) .
Macrofungal sampling
Macrofungal sporocarp sampling was conducted from July to September 2014. Every plot was surveyed once per week for a total of 14 visits across all plots. All aboveground macrofungal fruiting bodies in the 12 plots were collected and wrapped in aluminum foil, before being taken to the field station where macro-morphological characteristics were recorded and sporocarp dried in a food drier at 35 ℃. The dried macrofungal samples were sealed in Ziplock plastic bags for further morphological characterization. Based on the macro-characteristics, and with the aid of mushroom guide books, papers and online resources (http://www.indexfungorum.org/, http://mushroomexpert.com/, Lincoff 2000, Kendrick 2000 , Hall et al. 2003 , the collected specimens were identified to species. The taxonomic classification of species was based on the Index Fungorum (2016), which was used as the nomenclatural source. In addition, all macrofungi were grouped as either ectomycorrhizal, parasitic or saprotrophic fungi, based on mode of nutrition. The collected specimens were registered and deposited in the herbarium of the Kunming Institute of Botany, Chinese Academy of Sciences.
Statistical analyses
All statistical analyses were performed in the vegan and MASS packages in R (R 3.1.2) (Dixon 2003) . Species richness within each plot was quantified as the total community. Alpha-diversity was expressed as species diversity at each elevation gradient using the Shannon diversity index (H) (Shannon & Weaver 2015) . The beta-diversity index was used to compare the difference in macrofungal species diversity between two locations using the Bray-Curtis and the Sorenson pair-wise dissimilarity matrix in Betapart package; multivariate analysis of variance of between elevations was used to examine the significancebased on beta diversity using the Arrhenius model. Pearson correlation was used to examine the correlations between species richness and environment variables, using OriginPro 8.5 to draw figures.
Species community composition between locations was displayed using non-metric multidimensional scaling (NMDS) ordination of Bray-Curtis similarity matrices and the function metaMDS in the vegan package (Dixon 2003) . Relationships between environmental variables and macrofungal species community composition were tested using Procrustes correlation analysis and, NMDS ordinations, and the statistical significance of the analysis was assessed by the Monte Carlo procedure with permutations (999) in the vegan and MASS package.
Results
Collections
A total of 228 specimens of macrofungi, representing 103 species (Table 2) , taxa 39 genera and 23 families were collected from 12 plots during the period of July to the end of September 2014. Of these, 71 species belonging to 20 genera were ectomycorrhizal fungi, while 32 species belonging to 19 genera were saprobes.
Macrofungal species richness and diversity
A comparison of the macrofungal species richness and alpha diversity along the elevation gradient indicated a negative correlation between species richness and increasing elevation (Table  3) . Also, the diversity of ectomycorrhizal (ECM) fungi was significantly negatively correlated with elevation (P<0.05) (Table 4), whereassaprotrophic fungal diversity was not significantly affected by elevation. The highest levels of species richness and diversity were recorded at the lowest elevation (2,700-2,800 m.a.s.l). The lowest levels of species richnessand diversitywere observed at the highest elevation (3,300-3,400 m.a.s.l). Total macrofungal species richness and diversity were significantly positively correlated with ectomycorrhizal species richness (R 2 =0.854, P<0.001) and diversity (R 2 =0.846, P<0.001) (Fig. 1 ).
Total macrofungal species diversity was significantly positively correlated with air temperature (P<0.05) (Table 4) . Furthermore, ECM species diversity was significantly positively correlated with air temperature (P<0.05) where as saprotrophic fungi showed no significant relationship with these variables (Table 4) . Correlation analysis between macrofungal species richness and environmental variables showed that soil temperature was significantly positively correlated with total macrofungal and ECM fungal species richness (Table 4) .
The correlation between the beta-diversity matrix and environmental variation indicated that total macrofungal and ECM species beta-diversity were significantly affected by elevation (P<0.05) ( Table 5 ). There were also significant differences in the total macrofungal and ECM fungal species diversity among the following elevation bands, 2,700-2,800 and 2,900-3,000 m.a.s.l.; 2,700-2,800 and 3,300-3,400 m.a.s.l.; and 2,900-3,000 and 3,300-3,400 m.a.s.l. (P<0.01) (Table5), while there was no significant difference in saprotrophic fungal species diversity along the elevation gradient. Table 5 The total macrofungal and ECM fungal species beta diversity between different plots along the elevation gradient using the Bray-Curtis and the Sorenson pair-wise dissimilarity matrix. Fig. 1 -Correlation between total macrofungal and ECM fungal species richness (A), and between total macrofungal and ECM fungal species diversity (B). A linear model was selected to describe the relationships between total and ECM fungal species diversity and, between total and ECM fungal species richness. Significance level is shown with asymmetric 95% confidence.
Macrofungal species community composition and relative abundance
Macrofungal species community composition was significantly influenced by air temperature and canopy cover (AT, P<0.01; CON, P<0.05) (Fig. 2) . ECM fungal species community composition was significantly correlated with soil temperature and canopy cover (ST, P<0.05; CON, P<0.01) (Fig. 2) , but saprotrophic fungal species community composition had no significant relationship with the environmental variables tested. Canopy cover was significantly positively correlated with soil temperature, air humidity and air temperature (P<0.05, R 2 =0.120; P<0.05, R 2 =0.022; P<0.05, R 2 =0.067).
NMDS indicated that total macrofungal and ECM fungal species community composition were significantly influenced by elevation, but saprotrophic fungal species community composition was not (Fig. 3) . Multivariate analysis of variance confirmed that total macrofungal species community composition was significantly different between sites of 2,700-2,800 and 3,100-3,200 m.a.s.l., as well as between 3,100-3,200 and 3,300-3,400 m.a.s.l. ECM species community composition was significantly different between sites of 2,700-2,800 and 2,900-3,000 m.a.s.l.; 2,700-2,800 and 3,300-3,400 m.a.s.l.; and 2,900-3,000 and 3,300-3,400 m.a.s.l. (P<0.01). The relative abundance of ectomycorrhizal fungal genera was higher than that of saprotrophic fungal genera. The ratio of ECM fungi to saprotrophic fungi was approximately 3:1. The highest ratio was observed at around 2,900 m.a.s.l. and the lowest ratio was observed at 3,100 m.a.s.l. Russula was the dominant genus at all elevations, and the abundance of genera increased with elevation (Fig. 2) . After Russula, Lactarius and Suillus, EMC fungi were the most dominant genera at all elevations. Fig. 2 Relative abundance of macrofungal genera collected from each of the plots along the elevation gradient used in the study, between June and October, 2014 on Yulong Snow Mountain, southwestern China. Fig. 3 Non-metric multidimensional scaling (NMDS) ordination of the plots under environment factors based on macrofungal species communities. All of the displayed environment factors have passed a most significance test variables with argument p.max in R (p.max=0.1). T: total macrofungi; ECM: ectomycorrhizal fungi; ST: soil temperature; airT: air temperature; con: canopy cover; elevation.
Discussion
Our results indicate that soil temperature is the strongest predictor of total macrofungal and ECM fungal diversity, whereas air humidity has no significant effect on these groups. In contrast to these findings, Tedersoo et al (2014) reported that, on a global scale, mean annual precipitation was the strongest predictor of total macrofungal diversity. However, this does not necessarily hold true at a more local scale. Sporocarp strongly depends on environmental conditions such as temperature, air humidity, rainfall, and soil humidity (Lopez-Quintero et al. 2012 , Kutszegi et al. 2015 . According our results, species diversity is strongly correlated with air temperature, showing a decline in diversity with a decline in temperature that are similar to those of Park et al. (2010) and Jang & Hur (2014) . In addition to air temperature, both total macrofungal and ECM fungal species are positively correlated with soil temperature.
We observed lower macrofungal diversity on the higher slopes of the mountain, indicating that macrofungal species diversity is negatively correlated with elevation. This corroborates previous reports on declining diversity of species with increased altitude (Kernaghan & Harper 2001 , Jang & Hur 2014 . This is also confirmed by the work of Zhang et al. (2010) , who reported a similar pattern in macrofungal diversity. The change in climatic conditions with increasing elevation has been suggested as a key contributing factor to this response (Bahram et al. 2012 , Tello et al. 2015 .
Canopy cover, which is positively correlated with soil temperature, air humidity and air temperature, had a positive influence on both total and ECM community composition. This finding is in agreement with the results of Santos-Silva et al. (2011) . The increased shading associated with greater canopy cover reduced soil moisture loss, providing a suitable environment for macrofungal development (Gomez-Hernandez & Williams-Linera 2011) . Furthermore, canopy cover is a strong predictor of total macrofungal and ECM fungal diversity. The relationship between vascular plants and macrofungal species richness and diversity was not analyzed because that is hard to find a significant relationship within a relatively small area (Chiarucci et al. 2005 , Rudolf et al. 2013 ).
Our results indicate that composition of the total macrofungal and ECM fungal communities are influenced by elevation. Temperature and humidity are directly linked to elevation and strongly affect the composition of macrofungal species communities via various mechanisms, including host species, enzymatic processes, soil moisture, and nutrient regimes (Villeneuve et al. 1989 , Heinemeyer et al. 2004 .
Our results indicate that the relative abundance and richness of ECM fungal genera are higher than that of saprotrophic fungi in subalpine pine forests, a conclusion which is supported by the findings of Geml et al. (2014) . Our observation of positive correlations between the species abundance and richness of total fungi and ECM fungi highlights the dominance of ECM fungi over other soil fungal groups, and is in agreement with the work of Shi et al. (2014) , who reported similar results for soil fungi in forests. We found no significant relationship between total fungi and saprotrophic fungi, again supported by the results of Shi et al. (2014) . ECM fungi are known to suppress the presence of other soil fungi, further enhancing the dominance of ECM in these soils (Richard et al. 2004 , Lindahl et al. 2010 . Furthermore, ECM fungi and their host plants are tightly associated (van der Heijden et al. 2015) . ECM fungi can boost plant growth and productivity and protect plant roots from heavy metal contamination, pathogens, diseases and stress (Baptista et al. 2010 , Aucina et al. 2014 , particularly in extreme environments (Li et al. 2014 , Miyamoto et al. 2014 . Low temperatures, strong UVB radiation, and dry soils are some of the extreme conditions which are characteristic of our plots (Ruotsalainen et al. 2009 ). The lower levels of saprotrophic fungal abundance compared to ECM fungal abundance in our study was probably due to the fact that leaf litter decomposes more slowly in subalpine pine forests, thus providing less substrate for the saprophytic fungi, as evidenced by the work of Rudolf et al. (2013) .
Russula, an ECM genus, was dominant across all plots. Furthermore, the abundance of Russula sp. increased with elevation. Zhang (2014) found the same distribution pattern for Russula in the Laojun Mountains, a mountain range not far from our current sites; Russula is therefore likely to be the dominant fungal genus in the coniferous forests of subalpine forest. In addition, this indicates that the species diversity of Russula follows the opposite response to elevation in comparison with the other fungi surveyed in these forests.
The surveys of macrofungal species diversity during the rainy season were entirely based on monitoring sporocarp that can be visible to the naked eye. Below ground surveys of macrofungal communities using molecular techniques has become more frequent due to its' efficiently to identify all species present as compared to sporocarp in above-ground surveys. However, the sporocarp is more sensitive to environmental change than underground macrofungal mycelium (Tóth & Barta 2010) . For example, sporocarp of most ectomycorrhizal species is more sensitive to additional nitrogen, full sun light and UV than mycelium (Mulder & de Zwart 2003) . Sporocarp surveys can provide information about attributes of fungal communities and underlying functional processes of their ecosystems (Tóth & Barta 2010) . Sporocarp surveys are also considered the primary basis for documenting fungal diversity (Richard et al. 2004) .
Conclusion
Our study clearly shows that soil temperature and elevation strongly affect macrofungal diversity, richness, and community composition while air humidity has no impact in determining macrofungal community composition and richness in subalpine pine forest; our results also and highlight the dominance of ECM fungi over other macrofungi. Total macrofungal and ECM species diversity were significantly positively correlated with air temperature. Furthermore, total macrofungal and ECM fungal richness and diversity was significantly positively correlated with soil temperature, but negatively correlated with elevation. Community composition of total macrofungi and ECM fungi was significantly correlated with canopy cover and elevation gradients. The ratio of saprotrophic fungi to total macrofungi is lower than that of ECM fungi to total macrofungi, and has no significant relationship with total macrofungi in our study area. Diversity, richness, and community composition of saprotrophic fungi show no significant response to the environment variables studied. The information obtained can help better understand the effect of environment on macrofungi.
